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(54) IMPROVEMENTS IN OR RELATING TO 
MICROORGANISMS 

(71) We, RANKS HOVIS McDOUGa£l LIMITED, of Millooat House, 
53 Eastcheap, London, RQ3, a British Company, do her^y declare the invention, 
for which we pray that a patent may be granted to us, and the mediod by which it 
is to be performed, to be particularly desoibed in and by the following statement:— 
5 This invention is for improvements in or relating to microoiganisms fln<^ has 5 

particular reference to a new strain of Fusarium grananearum Schwabe whidi has been 
isolated from a soil sample. 

The new strain of Fusarium gmtmnearum Schwabe may be tra^ojed in pro- 
cesses for the producticm of an edible ptOitein contaimng substance descnbed in our 
10 Applications Nos. 53312/66, Serial No. 1;E10,356 and 30584/70 and Co^te No. 10 
10466/71, Serial No. 1,346,062 comprising incubation with aeration in a non-tDxic 
carbohydrate containing substrate of vegetaUe or animal ongih employing either batch 
of cmitinuous culture. 

The invention provides the new strain of Fusarium graminearum Schwabe 
15 deposited with the Conunonwealth Mycological Institute and assigned the number 15 
I.M.L 145425 and variants and mutants thereof. 

The invention further provides the following variants: — 

I — 7 deposited with the Commonwealdi Mycological Institute and assigned the 
number I.MJ. 154209. 

20 1—8 deposited with the QMnmmiwealth Mycological Institute and assigned 20 

the number I.M.L 154211. 

I — 9 deposited widi the Commonwealth Mycdogical Institute and assigned the 
number LM.L 154212. 

I — 15 depofflted with the Commonwealth Mycological Institute and assigned the 
25 number LML. 154213. 25 

1—16 deposited with the Commonwealth Mycological Institute and assigned the 
number LML 154210. 

It is well within the knowledge of those skilled in the art to produce variants and 
mutants of the stram LML 145425 which show slightly altered properties without 
30 affecting the suitability of the strain to produce an ediUe protein containing substance. 30 
The preparatirai and use of such miitants and variants from the strain I.M.L 145425 
is tha?ef ore within the scope of the invention. 

The new strain of Fusarium graTmneamm Schwabe may be cultivated in the 
usual niedia known to be suitable for the cultivation of Fusarium qped^ For general 
35 cultivati(Hi malt extract agar has been found convenient and satiisfactory, A suitable 55 
liquid nutrient medium may contain molasses as the major source of assimilable 
carbon and ammonium sulphate as the major source of assimilable nitrogen. 

According to the invention in another aspect there are provided funpl cultures 
containing a strain of Fusarium graminearum Schwabe^ I.M.L 145425 (or a mutant 
40 or variant thereof) in a culture medium, and methods for cultivating the same strain, 40 
in which this strain is present in a culture medium containing or b^ng supfdied with 
nutrients or additives necessary for the sustenance and multiplication of the strair^ 
the medium having a pH between 3.5 and 7 and the temperature bf the medium bdng 
maintained at a precise value within the range of between 25 and 34^ C. 
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Our new strain of Pitsarium graminearum Schwabe| I.M.I. 145425 is non- 
pathogenic to wheat. It has the fdlt>wing moir{^ological charactseristics:— 

Media Potato Sucrose Agar Czapek-Dox (Modified) Agar 

250 grams of potatoes wa^ied and diced, (Ox(Hd) 
placed in pressure cooker 15 lbs. square, 
inch for 15 minutes. The decoction is then , 

squeezed tiuou^ two layers of muslin. 2% "Oxoid" is a Registered Trade 
of Glucose and 2% of Agar are added to Mark 
. the tuxbid filtrate and the medium auto- 
diave4 and dispersed. 
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Growdi conditions 25° C. several weeks 

Rate of growth: 4.0 cm. in 3 dajrs 3.0 cm. in 3 days 

CSjaracter of growth: 

FloccosCj spreading colonies wifii \rfiite aerial mycelhmL Substratum on PSA 
greyish rose with patc^ of crimsoa to yellow. Tendency to be somewhat paler <hi 1 
CDA. Occasionally deep red pigment produocdj particularly on ageing. After one to 
two weeks the aerial mycelium tends to become brown and collapse. The colony then 
becomes rather slimy as sporododua are formed the cdour being pink t» brown on 
PSA and salmon pink <m. CDA. 

No exudate is formed and pigment formadcHi tends to follow the mycelium' colour. 2 

Conidia: _ - _i 

Microoonidia not produced by this organism Macroconidia produced from single 
lateral phiflliH« or multibranched conidiophores with short jdiialides. In older cultures 
the ccmidiophores aggregate to form sporodochia, particularly on CDA. The conidia 
vary from falcate to curved fusoid dorsi-ventral, ^ptation varying ftora 3 to 5, commxm- • 2 
ly 5 in younger cultures. Spore sizer varies from 25— 50jiiX2.5/it— 4.0/1. The foot cdl is 
often pediceilatei particukny in the Icmfe^- 5, septate spores. Swollen ceUs occur in 
the myceliiun and occasicmally chlam^ospores occur intercalary^ sii^y or in diains. 

Following is a- description by way of exanqxle 'of the preparation of variants (or 
isolates) of Fusarium ^graminearum Sdiwabe LALI. 145425 and their morfrfidogical 
characteristics. . - ~ ' 
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EXAMPLES 1 to 5. 
Isolates obtained from continuous culture. 
Fu^um graminearum Schwabe I.M.L 154209 to 154213 were sdected from 
malt extract agar plates inoculated with broth from a fennenter growing Fusarium 
graminearum Schwabe 145425 on a gjiucose/salts medium.at 30* G under continuous 
culture amditiosns with carbon limitation at a dilution rate of 0.1 — 0.15 hr^*. The 
fennenter was sampled at approximately 100 hour intervals to assess the population of 
variants and die isdates I.M.I. 154209 to 154213 were taken from the plates pr^ared 
fr^nn the 1100 hour sample. These istdates are rqiresentative of the majcw types of ^ 
morphological variant produced during the fermentatiott Under these cosiditions out- 
lined in this example Ae variants be|^ to appear chx plates from 800 hours onwards. 
They are continually produced from this time onward and the population slo^y changes 
as regards the percentage of each type. The fermenter conditions are as fdlows: 

Culture medium % 

Solution 1. Glucose 3.0 

Ammonium sulphate 0.25 

Potassium di-hydrogen pho^hate 0.30 

Magnesium sulphate 0.025 
AntiftKun, polvpropylene glycd 2000; sterilised 

at pH 3.0 for 30 mins. at 15 p.s.i.g 0.01 

Solution 2 . MnSO^ 4 HsO 0.0005 

FeSO^ 7H,0 0.0005 

2nSO^ THsO 0.0005 

CoQ, 6E2O 0.0001 

CuSO, 5H,0 0.0001 

NasMop^ 2Hi0 0.0001 
Sterilised 15 mins. at 15 p.s.i.g 
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Solution 3 Biotin 0,10 or 20 

C3idine 0,1 or 2 mg/1 

Methionine 0 or 600 mg/1 
Sterilised separately by filtration 

^ All scdudons were added, as necessary, aseptically to the mediiun leservoir then 5 

fed to the 8.5 litre chemostat with the following growth conditi<ms: Temperature 30° 
C, aeration Iwm; agitation 800 r.pjn., .single 6-hladed disc turbine, 0.5D, in fully 
baflOted fennenter. The fennenter pH was mflmtnmfv^ at 5.0 by the automatic addition 
of sterile ammonia. Solution 3 was changed in composition at various times to determine 

10 /imax with the various additions such as biotin done or biotin i^us didine. Growth 10 
rate 0.1 to 0.15 hr-\ 

The five isolates have the f(^owing morphological characteristics. 

Media Potato ' Sucrose Agar Czapek Dox 

Agar (Oxoid) 

15 250 grams of potatoes washed and diced, placed 15 

in pressure cooker 15 lbs. square inch for 15 

minutes. The docbcticHi is then squeezed through 

two layers of muslin. 2% of Glucose and 2% of 

Agar are added to the turbid filtrate and the 
20 soedium autodaved and dispersed. 20 

Growth conditions: 25** C. 

Oiaract^ of growth 
Isolate 1—7 

Ck)iony morphology similar to paimt LM.L 145425 except cdony diameter is smaller, 
25 1.5cm. in three days at 30** C cax CD.A. The floccose aerial mycdium varies in 25 
de^ee from colray to colony but is less than-I— ^. Older cultures have a brown 
discoloration to the mycelium, Rever^ ydlow-biown to greyidi-rose sectors with some 
pigment diffusing. 

Isolate I — 8 

Very intense white floccose aerial myoelnmL Colony diameter again less than parent 30 
IM.I. 145425, 2.0 cm in tfiree days at 30** C. on CD.A. Reverse sahnon to 
greyish-rose segments; 
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Isdate 1—9 

^- Macroscopic appearance dose to I — 8 but reverse lighter, salmcHi to hyaline in 

colour. 
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Isolate I— 15 

Small restticted dome shape arfonies. Mycelium short, tangjed and with tendency 
to be convoluted. Many sporodochia-like stnictures formed giving pink appearance at 
point of inoculation of streak Fink coloraticm at peridhery. Coltmy diameter only 0.4cm 
at3daysat30*».ConCD.A. j jr y ^ 

Isolate 1—16 . 

IsdatB 1—15 is very unstable arid continually gives rise to I — 16. This isolate has 
an appearance similar to 1—7 althougji colonies tend to be d^tiy greater in diameter, 
2.4 cm. in 3 days and more even in appearance. 1—16 is more stable than I 15. 

45 Conidia ak 
Isolate 1—7 

Abundant macrootMiidia produced in similar fashion to parent I.M.I. 145425. 
Sporododiia formed in older cultures. Individual macroconidia similar to parent 
I.M.I. 145425 in diape and -size, 25— 50luX3.O— 5.0/i. In older cultures many 
sporodochia are formed. Chlamydospoies are also abundant in the mycelium of this 50 
isolate, intercalary and terminal. They are ^bose smooth 10— 12ju. Occasionally a 
single cell of a macroccHiidium forms a dilam^ospore. 
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Isolate 1—8 

Fewer maccocoaidia tiian 1-^7 and those present mainly snialler and sinqder, 

1 to 3 septate, 25 — 35ft in length. Few sporodochia fonned. Chlamydospores again 
abundant, inteical^, terminal, single and in chains. 

Istdate 1—9 

Very similar to I — 8 except moie macrocomdia, almost equivaleat to 1—7 in 
number. 

Isolatfi 1—15 

Very few macroccmidia, the sporodochia-type structures are in fact made up of 
packets of chlamydospores. There are also many chlamydospores preset in the 
mycelium. The macroconidia are smaller than the parent, 30--35jti)<4^ with only 

2 septa. 

Isolate 1—16 

Very fiiiifiilfli* to I — 7 with abundant macrocoaidia and chlamydospores. The 
macroconidia are typical, 30— 45/xX4fi. 

Examples 6 to 11 are examples of fermentation describing fungal cultures con- 
taining the parent strain Pusarium grammearum Schwabe I.M.I.. 145425 and variants 
(or isolates) thereof in culture media. 
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EXAMPLE 6. 

Duplicate shake flasks of 1-litre capacity were prepared containing 200 mis. of 
die following medium: 

Final coacentration % 

Solution 1 Glucose (sterilised separately pH 3.0, 

10 p.Swi.g./10 min.) 3.0 

Solution 2 Asunonimn sulphate OJ65 

Potassium Dihydrogen Phosphate 1*0 

MgS0,:7H,0 0.025 

FeSO^: (NH4)aSO^:6H20 0.0005 

MnSOv4HaO 0.0005 

CuSO/5HsO 0.0001 

CoQateHaO 0.0001 

QB.a^\mjd 0.0015 

-NajjMoO^ 0.00001 
NaOH 0.2 
Salts sterilised at 15 p.s.i.g./15 mirt 
Final pH 6.0 

Solution 3 Vitamins as described below were sterilised 
by filtradcHi 

The sdutions were added asepdcally to give a final volume of 200 mL then the 
flasks were inoculated with washed spores of our strain of Pusarium grammearum 
I_7 IMI 154209 to give a OHicentration of 8 X lO'/ml. 

The conditions of growth were temperature 30** C, 140 r.p.m. <m orbital shaker 
widi2"throw. 

At hourly , intervals the growth was measured by measuring the Optical Density 
of a sample at 600 na/i. From the results obtained the following gnwrth rates wete 
established 



(i) Solution 3 omitted (minimal medium) 

(ii) Solution 3 sudi that the final conoentration of 
Biodn in the culture medium was 50 ^g/1 

(iii) Solution 3 such that the final concentration of 
Biodn in the culture medium was 50 ng/l 
and Choline chloride 50 mg/L 



Growth rate h~ 
very siow 

0.22 



0.27 
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EXAMPLE?. 

The procedure of Example 6 was repeated but the strain of 1—7 was rqjlaced by 
our saain of Fusaritim grammearum Schwabe I — 8. The following growdi rates were 
estafali^ed:— 

Growth rate h~^ 

(i) As 6(i) very slow 5 

(ii^ As 6(ii) . 0.22 
(lii) As 6(iii) 0.27 

EXAMPLE 8. 

The procedure of Ex^nple 6 was repeated but the strain I— «7 was replaced by our 
strain of Fusaritim graminearum Schwabe I — 9. The fcdlowing growth rates were 10 
established: — 

Growth rate h~^ 
(i) As 6(i) very slow 

(li) As 6Cii) 0.21 
15 (iii) As 6(iu) 0.27 15 

EXAMPLE 9. 

The procedure of Exafl^e 6 was repeated but the strain 1—7 was re^aced by 
our strain of Pusarium graminearum Schwabe 1—15, The following growth rates were 
established: — 

20 Growth rate h"^ 20 

(i) As 6(i) very slow 

(li) As 6(ii) 0.21 
(iii) As 6(iii)- _ 0.27 

EXAMPLE 10. 

25 The procedure of Example 6 was repeated but the strain I — 7 was replaced by 25 

our strain of Fusarium graminearum Schwabe I — 16. The following growth rates were 
established: — 

Growth rate h~' 
(i) As 6(i) very slow 

30 • (ii) As 6(h) 0.21 30 

(lii) As 6(iii) ' 027 

EXAMPLE 11. 

The procedure of Example 6 was repeated but the strain I — 7 was rqdaced by 
the parent strain Fusarium graminearum Schwabe IMI 145425. The following gro\rth 
35 rates were established: — 35 

Growth rate h"^ 
very slow 

i) 0.22 
(m) 0.27 

40 WHATWECLAIMIST— ^ 40 

1. Fusarium graminearum ScJi\yabe dq)osited with die Commonwealth Myco- 
logical Institute and assigned the number I.M.I. 145425 and variants and mutants 
thereof. 

2. Fusarium graminearum Schwabe 1—7 deposited with the Commonwealth 

45 Mycdogical Institute and assigned the number I.M.L 154209. 45 

3. Fusarium. graminearum Schwabe I — ^8 deposited with the Commonwealth 
Mycdogical Institute and assigned the number LM.L 154211. 

4. Fusarium graminearum Sdiwabe 1—9 deposited with the Commonwealth 
. Mycological Institute and a^gned the number I.M.1. 154212. 

50 5. Fusarium graminearum Schwabe 1—15 deposited with the GHnmonwealth 50 

Mycological Institute and assigned the number LM.1. 154213. 

6: Fusarium graminearum Sdiwabe I — 16 dq)osited with the Commonwealth 
Mycological Institute and assigned the number I.M.I. 154210. 

7. Fungal cultures. contaming a strain of Fusarium granunearum Schwabe LM.I. 

55 .-^145425 or a mutant or variant thereof in a culture m^um in whidi this strain is 55 
preseiiJt'iff a culture medium containing or being supplied with nutrients or additives 
necessary for the sustenance and multiplication the strain, the medium having a pH 
between 3.5 and 7 and the temperature of the medium being maintained at a precise 
value within the range of between 25 and 34** Q 



(i) As6(i) 
(li) As 6(ii) 
(ui) As-d(iii; 
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8. A method for cultivating a strain of Fusarium graminearum Sdiwabe I.M.I. 
145425 or a mutant or variant thereof wherein the strain is present in a culture 
medium coataining or being supplied with nutrients or additives neossaiy for the • 
sustenance and midtiplication of the strain, the medium having a pH betwe^ 3.5 and 

5 7 and the temperature of the medium being maintained at a precise value within the 5 
range of between 25 and 34** C 

9. A method for the preparation of variants of Fusarium graminearum Schwabe 
I.M.I. 145425 which comprises growing the parent strain I.M.I. 145425 under con- 
tinuous culture conditions with caibon HmitatiQn in a fermentation. 

10 10. A method for the preparation of variants of Fusarium graminearum Schwabe 10 

I,M.I* 145425 which comprises growing the parent strain I.M.I. 145425 on a ^ucose 
based medium at 25° to 30° C under continuous cultuze conditions at a dQutimi rate 
of 0.10 to 0.15 hrs."^ widi caibon limitation in a fermentation for 1100 houra 

11. A method as darmed in claim 10 vdierein the resulting proliferated variants 

15 are isolated by dilution {^ting. 15 

12. A niethod for the preparation of variants of Fusarium graminearum Schwabe 
LM.I. 145425 substantially as described vrith reference to Examples 1 to 5 heimn- 
befoie set forth. 

13. Fungal cultures containing Fusarium grammeartwi Schwabe I.M.I. 145425 

20 or mutants or variants diexeof substantially as described with reference to any one of 20 
Examples 6 to 11 hereinbefcne set forth. 

URQUHART-DYKES & LORD, 
Columbia House, 69, Aldwych, Londcwi, W.C2, 
Chartered Patent Agents. 



Printed for Her Majesty's Stationery Ofiace'by^the Courier Press, Leamington Spa, 1974. 
Published by the Patent Office, 25 Southampttui Buildings, London^ WC2A lAY, from 
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(54) IMPROVEMENTS IN OR RELATING TO 
MICROORGANISMS 



. PATENTS ACT 1949 
SPECIFICATION NO 1346061 
The following amoidments were allowed under Section 29 on 21 August 1978 
f*age 2, line 8, Page 3, line 18, for Glucose read Sucrose 



THE PATENT OFFICE ^ 
19 September 1978 Bas 5r 

i uc invtamon runner provides the following variants: 

J""Jw^P°??^ ^ Commonwealdi Mycological Institute and assigned die 
number LM.I. 154209. 

tiien^tomiJ^42lf Commonwealdi Mycological Institute and assigned 20 

numto^I MJ°:^^12^* ^ Commonwealdi Mycdogical Institute and assigned the 

OS J""t ^ Commonwealdi Myodogical Institute and assigned die 

^ number I.M.L 154213. 25 

I--16 deposited widi die Commonwealdi Myccdogical Institute and assigned die 
number LM.L 154210. 

It is weU widiin die knowledge of diose skilled in die art to produce variants and 
30 f^^^ ^ ^-^y- 145425 which show sUghdy altered properties without 

^ ^ectmg die smtability of die strain to produce an edible protem containing substance. 30 
ine preparatKMi and use of sudi mutants and variants horn die strain IM I 145425 
is diercfore witiiin the scope of the inventirai. 

Hie new strain of Pusarium graminearum Schwabe may be cultivated in die 
usual media known to be suitable for die cultivation of Fusarium species. For general 
cultiTOticHi malt exttact agar has been found convenient and sati^ctoiy. A suitable 
iiqmd nutrient medium may contain molasses as die ma/or source of assinulable 
carbon and ammonhim sulphate as the major source of assimilable nitrogen. 

Accordmg to die invention in anodier aspect diere are provided fungal cultures 
contammg a strain of Fusarium graminearum Schwabe, IJVt.I. 145425 (or a mutant 
pr^'^^t hereof) ma cdture medium, and mediods for cd^ 40 
m which dus steam is present in a culture medium containing or being supplied widi 
nutnente or additives necessary for die sustenance and multiplication of die strain, 
die medium havmg a pH between 3 .5 and 7 and die temperature of die medium bein^ 
mamtamed at a precise value vwdiin die range of between 25 and 34*» C 
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